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Introduction
Social scientists from several academic disciplines have long been interested in the association between family background and economic and social status during adulthood.
This interest has stemmed largely from the view that inequality attributable to family background violates equal opportunity norms and is a pervasive motive for policy intervention. For this reason, we want to learn about the degree to which family background is related to outcomes during adulthood, whether the connection has changed over time, whether it is larger in some societies than in others, what the causal mechanisms are, and what policies affect the relationship.
In this study, we examine the impact of family and community background on economic status during adulthood by using sibling correlations. We measure outcome using permanent earnings, that is, annual earnings purged of its transitory component. A sibling correlation is a useful "omnibus" measure of the overall impact of family and community background. It can be interpreted as the proportion of the variance in the outcome variable that is attributable to factors that siblings share.
1 Siblings who have grown up together share the same family and community background. This is one reason why a sibling correlation is a broad measure. Strikingly, a sibling correlation is a broader measure than the seemingly more direct association between parents' and childrens' outcomes, the reason being that the sibling correlation captures the impact of both observable and unobservable parental characteristics.
Using data from the Panel Study of Income Dynamics (PSID), Solon, Corcoran, Gordon & Laren (1991) estimated brother correlations in long-run earnings to be around 0.45. In another study, Altonji & Dunn(1991) estimated brother correlations in long-run earnings using the National Longitudinal Survey (NLS) to be 0.37. So in the United
States between one third and one half of the variance in men's long-run earnings seems to be attributable to family and community factors. Our aim is to carry out a cross-country comparison of brother correlations in long-run earnings. We start by updating the estimates of the brother correlation in earnings reported by Solon et al.; we observe men at a slightly older age and observe earnings over a longer period of time. Our goal is to get comparable estimates from our own countries, namely Denmark, Finland, Norway and Sweden. To achieve this, we use register information for each of our countries to construct large data sets of siblings. We use, more or less, the same sample criteria for all countries and estimate the same parameters for all five countries.
We believe that the U.S.-Nordic comparison is an interesting one. First, it is well known that the countries represent polar cases in comparisons of earnings and income inequality among developed countries. In general, the United States comes out as the most unequal and the Nordic countries as the most equal ones in these respects, so it is interesting to see how such countries compare in terms of a measure of equality of opportunity. Further, all Nordic countries have partly motivated their large public sectors by the desire to reduce inequality of opportunity. Universal access to public health care is one obvious example. The ambition to provide free education of equal quality in the public schools is another. That college education is offered free of tuition is a third example.
Our major finding is that the brother correlation in long-run earnings is higher in the United States than in the four Nordic countries. Our estimates cluster between 0.40 and 0.45 for the United States and in the range 0.14-0.26 for the Nordic countries. Statistical tests suggest that equal correlation in the United States and the Nordic countries can be rejected at conventional levels of significance. We also carry out a number of sensitivity tests to check whether some assumptions regarding sample restrictions and variable definitions affect the results. We do find that estimated brother correlations are sensitive in seemingly innocuous choices. Nevertheless, our overall conclusion is that it is more 3 likely that the U.S. brother correlation in long-run earnings exceeds those in the Nordic countries than the other way around.
Previous comparative research on the impact of family background has mainly focused on parent-child relationships, and most often some measure of correlation between outcomes of fathers and sons. Although a brother correlation is a broader measure of the total impact of family and community background than a father-son correlation, we note that some recent studies have estimated lower father-son earnings correlations for Finland and Sweden than for the United States.
2 Our results reinforce these findings.
We continue the paper in section 2 by describing our data sets. We explain the model and the estimation technique in section 3. Section 4 gives the empirical results, and we conclude in section 5 by summarizing and discussing possible explanations to our results.
Data
In defining siblings and in choosing outcome variables for the United States, we closely follow Solon et al. (1991 The siblings of these persons are located in two types of registers held by Statistics Sweden. First, "the second-generation register" was used to locate biological whole siblings, biological half siblings on mother's side (common mother), and biological half siblings on father's side (common father). Second, we located the households in which the sampled individuals were living as a child (0-17 years of age) in the censuses of 1960, 1965, 1970, 1975 and 1980 . We identified other children (same age) in these households and considered them as social siblings. Of course, most of these siblings are also biological. In the final step we added (among others) annual earnings in 1987, 1990, 1993 and 1996 from registers based on employers' reports for tax purposes.
The earnings data differ between the countries in some respects. First, the PSID Both in terms of individuals and families, the sample sizes for the Nordic countries are much larger than the U.S. one. Another advantage of the Nordic data sets is that they do no suffer from the non-response problem that plagues all survey-based data.
The smaller U.S. sample in terms of individuals and families is, however, partly compensated by a longer time series of earnings observations. We give details about sample sizes in Table 1 below.
Models and estimation
In estimating a sibling correlation, we closely follow the previous literature. Let
where y ijt denotes the logarithm of annual earnings in year t for the jth sibling in family i;
X ijt is a vector of exogenous variables that account for lifecycle stage and time effects with β=as the associated vector of coefficients; ε ijt is an error term that represents earnings net of lifecycle and general time factors. Because the error term captures the factors that influence the long-run components of earnings, it is the main object of the analysis.
The error term has three components
where i a is a permanent component common to all siblings of family i; ij u is an individual-specific permanent component ; and ijt v is a transitory component. In an extended model we allow the transitory component to follow an AR(1) process, i.e.
We assume that the three error components are orthogonal. This assumption implies that the individual-specific permanent component is not shared by the siblings of the 7 same family, but is purely individual. The assumption also implies that the variance of the error term in (1), ε σ 2 , becomes:
In this framework, the covariance of a pair of randomly drawn siblings' earnings (purged of lifecycle and time effects) is
and the correlation of long-run earnings among siblings is
This expression shows that the sibling correlation has an appealing interpretation within the framework of this model, namely as the proportion of the population variance in longrun earnings that is due to factors shared by siblings. Such factors are to be found both within the family and in the surrounding neighborhood of the family. Our goal is to produce comparable estimates of ρ=for the five countries.
The estimation technique we use is also quite similar to previous studies. In the first step, we estimate equation (1) by OLS. We include a cubic in age and dummies for each outcome year (except one) among the X-variables, and we use real earnings with the national consumer price indexes as deflator. In the second step, we compute the residuals from (1) to estimate the variance of the three error components in (2). These components
give us the information needed to estimate the sibling correlation ρ. 
Results
As already mentioned, our sibling definition, choice of age limits and time periods were guided by the U.S. data and the study by Solon et al. We also had to make a number of decisions regarding the specific samples to use. For example, on one hand we can only use persons with observed earnings in at least three consecutive years in order to estimate the AR(1) structure of the earnings process. On the other hand, persons with observed earnings in only one year are useful in estimating equation (1) and the composite variance. Further, only a person with a brother in the sample is useful in estimating the variance within a family, whereas singletons are useful in estimating the variance among families. We start by presenting results for a base case in which we require that we observe positive earnings in only one year and where we include singletons. To illustrate how sensitive the results are to these choices, we also present results using other sample restrictions. 93, we get as many as 12,712 annual earnings observations. 7 The prospects for getting better precision in the U.S. estimates than in the previous studies are therefore quite good.
The actual sample used is, of course, also affected by the requirement of one positive (> $100) earnings observation. In the first row of Table 3 , we show the sample sizes (in terms of individuals, families and singletons), when only the age and time limits and the overall family restrictions are imposed. In the second row, we show the sample sizes that we get when we impose the additional requirement of one positive earnings. The loss of observations due to this additional requirement is highest for the Norwegian sample, which is reduced by only around 2.5 percent.
In Table 2a we present results for our base case sample that includes all individuals who have positive earnings in at least one year. The transitory error in (2) 2. Years of birth. 1951-1968 1953-1965 1950-1970 1948-1965 1951-1967 3. Earnings definition 1980-93 1985, 1990, 1995 1992-1995 1987, 1990, 1993, 1996 1977-93 5. Notes: In Table 2a we use the base case sample in which each individual must have positive earnings (at least $100) in at least one year. In Table 2b and 2c each individual must have positive earnings in three consecutive years. In testing whether the Nordic correlations are equal to the U.S. correlation, we use the unweighted average of the estimates for the Nordic countries.
The estimated autocorrelation coefficients (the λ's) are in the range 0.370 (United States) to 0.725 (Finland), and strongly significantly different from zero. It could also be noted that our measures of the composite earnings variance in the last row of tables 2a-2c
are not unambiguously lower in the Nordic countries than in the United States. This could indicate a data problem because so many studies have shown that earnings inequality is much higher in the United States. Most likely, the reason to this result is that we have applied a quite low earnings limit in our base case, namely $100. When we instead apply the limit $1000 (see below), the composite earnings variance is markedly higher in the US than in the Nordic countries. Table 4 below we report estimates of brother correlations with $1000 as the lower earnings limit. With this restriction, the composite earnings variance is 0.50 for the United States, 0.20 for Denmark, 0.43 for Finland, 0.38 for Norway, and 0.33 for Sweden. Note also that there is a difference between conventional estimates of overall earnings inequality and our composite variance since the latter is life-cycle adjusted. For at least two different reasons, one could expect that the results also are sensitive to high and low earnings observations. First, one might expect that our treatment of the low and the high earnings observations adversely affect the cross-country comparison. Second, the true relationship between siblings' earnings could be stronger or weaker at the ends of the distributions. Even though we would not be able to distinguish between these two explanations to such a sensitivity in the results, it is useful to know whether the results are sensitive to the exclusion of high and low observations.
To examine how sensitive the results are to our treatment of low and high earnings, we experimented with alternative treatments. Further, we eliminated the individuals with long-run earnings (average earnings in the years in which they were observed) below the 5 th and above the 95 th percentile of the distribution of long-run earnings. The estimated sibling correlations from these sensitivity tests are presented in Table 4 , and the corresponding sample sizes are shown in Table 3 .
The first two rows repeat the estimates from Tables 2a and 2c . In the third row (case 2), we show the estimates that we obtained when we truncated at $1000 instead of $100. The correlation falls for the United States and increases for the Nordic countries.
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But the magnitudes of these changes are so small that the overall conclusions are not affected.
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In the next row (case 3), we show estimates based on a sample where we have not censored at the 99 th percentile. The results are not affected much by this choice either.
In the last row (case 4), we eliminated the bottom and top five percentiles of the observations in the distribution of long-run earnings. In this case, the estimated correlations for Sweden and the United States are practically the same (around 0.34), the estimate for Finland is higher (0.452), and the estimate for Norway is lower (0.186).
Overall, the Nordic-U.S. differences are smaller. It is possible that this sensitivity can be explained by measurement errors. A more likely explanation, however, is that the country differences are concentrated to the extreme parts of the distribution of long-run earnings.
The cross-country comparisons could also be sensitive to the fact that we have different periodicity and length in the earnings information for the four countries. In Table 5 , we show results where we have re-estimated the Danish and U.S. parameters, using the same periodicity and length as in the Nordic countries. We do find a quite remarkable effect of the periodicity in the U.S. data. There is also an effect in the same direction for Denmark, but the magnitude is smaller. When we re-estimated the brother correlation for the United States with the same periodicity as in the Finnish and Swedish data, we get much higher U.S. estimates: 0.497 with the Swedish periodicity (three years) and 0.559 with the Finnish periodicity (five years). The use of only four years, as in the Norwegian data set, does not have a big impact though. We have no simple explanation for the sensitivity to the periodicity of the earnings observations. The results suggest, however, that the U.S. correlations could be higher-compared to Finland and Swedenthan what follows from the previous comparisons. 1984 , 1987 , 1990 and 1993 are used to mimic the Swedish results. 1983 , 1987 and 1993 are used to mimic the Finnish results.
Finally, we have checked whether the results are sensitive to the choice of age limits. In particular, it could be argued that annual earnings at the age of 25 to 29 years are not very informative of long-run earnings. Several previous studies have reported that annual earnings in the mid-20s are, at the most, weakly positively correlated with more permanent measures of earnings. 11 In the Nordic countries, youths typically complete education later than in the United States and most men do military service for one year.
In Table 6 , we report results where we have raised the lower age limit to 30 years. In general, the results are not affected by this change; the estimates are close to those reported in table 2a, and the tests yield the same conclusions.
12 Table 6 . Estimations as before but lower age limit 30 years in year of outcome. Base assumption about lower earnings limit. Standard errors within parentheses. Fortunately, the Swedish data set contains the information required to apply both sibling definitions. We used the same age and time restrictions as in the base case and estimated the counterpart to the correlation in the first row of has the mix of a black and a white population, and this racial background is definitely shared by brothers. In order to examine whether this mix of the U.S. population affects the overall brother correlation, we estimated the correlation for whites only.
14 The 12 We could also for some countries remove the upper age limit, but the results were not affected by this change either. 13 The sample size in this estimation was in all dimensions very similar to the one for social siblings. 14 In the PSID white is defined from the answer by the household head in the interviews during the outcome years. We also divided the Swedish sample into those born abroad and those born in Sweden. The estimates were almost identical to those for the whole sample though; 0.250 for those born in Sweden and 0.242 for those born abroad with our base case assumptions. This result suggests that this kind of population heterogeneity in Sweden is not driving the results. Although, the construction of the Norwegian data set eliminates most immigrants from that sample, we are inclined to conclude that a larger part of immigrants in Sweden cannot explain the difference between Norway and Sweden either.
Conclusions
We started by updating previous estimates of the brother correlation in long-run earnings on U.S. PSID data. Our point estimate, 0.429, is very close to the previous ones but thanks to a larger sample, the precision of our estimate is higher. Our goal was to get as comparable estimates as possible for the four Nordic countries, namely Denmark, Finland, Norway and Sweden. We find these countries interesting to compare to the United States, because of the large differences in earnings and income inequality as well as in public policy and labor market institutions. We have collected large samples of siblings making use of register information in the Nordic countries. Using similar sample criteria, we obtained estimates of 0.230 for Denmark, 0.264 for Finland, 0.138 for Norway and 0.250 for Sweden. The differences between the United States on one hand, and each Nordic country, on the other, were strongly statistically significant.
We found that this conclusion is sensitive to one choice regarding model specification. When we allowed the transitory error component to follow an AR (1) process, we obtained estimates for Finland and Norway that were close to, and not significantly different from, the U.S. one. We are, however, inclined to put less emphasis on this feature of our results than in others. There are three reasons for that. First, these estimates are based on a more restrictive sample, and simply reducing the sample size to accommodate this sample requirement raised the estimates markedly, by 0.1 for Finland.
Second, the Finnish data set has only three years of observations and the Norwegian one only four years. Variance estimates of complicated error components from so short panels are not likely to be reliably estimated. Third, another of our sensitivity analyses suggests, that the longer periodicity in the Finnish data (five years) and the Swedish data (three years) tends to yield much higher estimates than from data sets with earnings observations for each successive year, like in Denmark and the United States. For these three reasons, we think that the evidence still points to the United States having a higher correlation.
What could explain such U.S.-Nordic differences in earnings correlations among brothers? We would suggest future research along two alternative lines. First, it could be that family and community background factors are more important determinants of men's productive characteristics in the U.S. than in the Nordic countries. Studies of brother correlations in productivity indicators like health and education would be useful to explore this hypothesis. Of course, correlations, or similar relationships, among other relatives would also be informative.
Second, it could be that the relationship between earnings and productive characteristics is weaker in the Nordic countries than in the U.S. Some comparative studies of earnings inequality are quite suggestive. For example, the return to schooling is much lower in the Nordic countries, see e.g. Asplund & Pereira (1999) and Freeman and Katz (1995) . The much more centralized wage setting in the Nordic countries is one candidate explanation to the lower earnings inequality along the schooling dimension.
We would guess that both hypotheses have some explanatory power. In pursuing research along these lines, it may also be fruitful to consider our finding that the similarity among U.S. brothers seems to be particularly strong in the very top and the very bottom of the long-run earnings distribution.
